recorded were 17.1°C and 32.8°C, respectively, and the rainfall was 101.7 mm. The soil 1 0 5 had a silty loam texture (14% clay, 51% silt, 35% sand), a pH 8.3 (in H 2 O), 1.1 g kg −1 total 1 0 6 N (Kjeldahl method), 7 mg kg −1 available P (Olsen method), 129 mg kg −1 exchangeable K 1 0 7 (Ammonium acetate), and 9 g kg −1 organic matter (Walkey-Black method). A schematic 1 0 8 illustration of the field trial is depicted in Supplementary Figure S1 . We used the tomato cultivar 'Fokker', a processing-type genotype with blocky fruit, late 1 1 1 fruit ripening and suitable for tomato puree, for the experimentation. Seedlings were We established a randomized complete design with three replicates and seven treatments: shaker for 20 minutes in order to separate the soil tightly adhering to plant material, which 1 4 6 we operationally defined as "rhizosphere", from the roots. The first tubes were centrifuged 1 4 7 for 20 minutes at 4,000 x g and the rhizosphere pelleted was collected in liquid nitrogen and sonicated by Ultrasonics Sonomatic Cleaner (Langford Ultrasonics, Birmingham, UK) 1 5 0 for 10 minutes (intervals of 30 seconds pulse and 30 seconds pause) at 150 W, as 1 5 1 9 triplicated amplicons, displaying the expected amplicon size and lacking detectable 1 7 8 contaminations, were combined in a barcode-wise manner and purified using the 1 7 9
Agencourt AMPure XP kit (Beckman Coulter, Brea, United States) with a ratio of 0.7 mL 1 8 0
AMPure XP beads per 1 mL of sample. Purified DNA samples were quantified using 1 8 1 Picogreen (Thermo Fisher, United Kingdom) and combined in an equimolar ratio into an 1 8 2 amplicon pool. This latter material was used for the preparation of a MiSeq run at the parametric Wilcoxon rank sum test. Next, we performed a non-parametric Kruskal-Wallis 2 1 7 test independently on rhizosphere and root samples to identify significant effect of the 2 1 8 individual treatments on the ecological indices. For beta-diversity calculation, the original counts (i.e., not rarefied) were transformed to 2 2 0 relative abundances and we imposed an abundance threshold to target PCR-reproducible 2 2 1
OTUs. The differences among microbial communities of the samples were computed using 2 2 2 Bray-Curtis index and weighted Unifrac index, with this latter index including phylogenetic 2 2 3 information in the analysis (Lozupone and Knight, 2005) . A Principal Coordinates Analysis 2 2 4 (PCoA) was generated to visualize similarities and dissimilarities of microhabitats and 2 2 5 treatments. In order to assess the effects of microhabitats and the treatments on the (PERMANOVA) on distance matrices was implemented using the function Adonis in p a 2 2 8 two-pronged approach. First, we assessed the effect of nursery/harvest stage on 2 2 9 microhabitat composition. Next, we used the same test to assess the impact of the 2 3 0 treatment on rhizosphere and root specimens at harvest stage. In the two approaches, the 2 3 1 computed R 2 therefore reflects the proportion of variance explained by the given factor in 2 3 2 the group of samples tested. Finally, original counts were used to perform a differential analysis to identify individual 2 3 4
bacteria differentially enriched in the tested samples using DESeq2 (Love et al., 2014) . The phylogenetic tree was constructed using the representative sequences of the OTUs Tax4fun output. A statistical comparison between two groups using a Welch's t-test The 16S rRNA gene sequences presented in this study are available at the European 2 5 6
Nucleotide archive under the study accession number PRJEB32219. The scripts to reproducibility are included in Supplementary Database 1. best performance followed by synthetic fertiliser and slow acting liquid digestate. In addition, the different fertilisers influenced significantly also the quality of processing The assembly dynamics of the bacterial microbiota of field-grown processing tomato 2 7 0
To gain insights into the relationships between yield traits and microbiota composition in 2 7 1 field-grown processing tomato plants, we generated 5,546,303 high quality 16S rRNA 2 7 2 gene sequences for the 86 samples generated in this study. = 272 reads). The data were further filtered removing the samples with less than 1,000 2 7 7 13 reads as well as the OTUs with less than 10 reads in 5% of samples. This allowed us to 2 7 8 retain 2,515 unique OTUs accounting for 4,308,580 high quality reads and 85 samples. Then, we computed alpha-diversity calculations on a dataset rarefied at 18,467 reads per 2 8 0 sample and alpha-diversity was investigated considering two microhabitats (root and 2 8 1 rhizosphere) and the seven fertiliser treatments. OTUs richness was assessed by Chao1 hoc test p < 0.05. Figure 2 ).
9 1
Congruently, beta-diversity analysis computed on the non-rarefied dataset using both 2 9 2
weighted Unifrac and Bray-Curtis indicated a microhabitat-dependent microbiota 2 9 3 diversification. In particular, the weighted Unifrac matrix visualised using a Principal 2 9 4
Coordinates Analysis revealed such a microhabitat effect on samples processed at harvest 2 9 5 time along the axis accounting for the major variation. Interestingly, younger nursery 2 9 6 samples displayed a similar degree of diversification, although their communities were 2 9 7 separated from the harvest samples on the axis accounting for the second source of observed diversification along the axis accounting for the major variation, the microhabitat 3 0 3 remained the major driver of the tomato communities (R 2 47%, Adonis test, 5,000 3 0 4 permutations, p <0.01) while the individual fertiliser treatments impacted these plant-3 0 5
associated microbial assemblages to a lesser, but significant, extent (R 2 13%, Adonis test, 3 0 6 5,000 permutations, p <0.01). This suggest that, rather than on richness per se, the results, although the temporal effect (i.e., nursery vs. harvest time) explained slightly more to their interactions (Adonis test, 5,000 permutations, p <0.01). To gain insights into individual members of the tomato microbiota responsible for the microhabitats and treatments at harvest stage. We took a two-pronged approach. First, we 3 2 0 identified bacteria underpinning the microhabitat effect i.e., the selective enrichment of 3 2 1 bacteria in the roots and the rhizosphere microhabitats amended with no fertiliser. Next,
we assessed the effect of the fertiliser treatment on roots and rhizosphere bacterial This allowed us to identify 170 bacterial OTUs whose abundance was significantly competent microbiota, we discovered that it is dominated by members of Actinobacteria,
Bacteroidetes, Alpha-, Beta-, Gamma-and Deltaproteobacteria as well as Verrucomicrobia 3 3 4 ( Figure 4 ). Strikingly, the taxonomic investigation revealed a bias for Actinobacteria in the colonising the endophytic environment. Interestingly, each fertiliser treatment had a distinct impact on these tomato-enriched Interestingly, when we inspected the taxonomic composition of the bacteria differentially impacted by the fertiliser treatment we observed an increase of the number of OTUs spp., Agromyces sp., Microbispora sp. and Actinoplanes spp.
3 5 2
16
Together these data suggested that the enrichment of specific bacteria underpins the 3 5 3 observed microhabitat effect whose magnitude is fine-tuned by the applied fertiliser.
3 5 4
Organic-and synthetic-based fertiliser trigger different metabolic capacities in the tomato To investigate the ecological significance of the observed differential recruitments among 3 5 7
fertiliser treatment we employed a predictive metagenomics approach. Briefly, we inferred 3 5 8
in silico the functions encoded by the tomato microbiota at harvest stage (Materials and 3 5 9
Methods) and we grouped the samples in digestate-based (i.e., PE, LD and SRLD;
hereafter 'organic') and treatments containing at least a synthetic component (i.e., SC, MF 3 6 1 and SRMF; hereafter 'mineral'). We observed that the functions putatively encoded by the 3 6 2 communities exposed to either organic or mineral fertilisers can discriminate between <0.01, 5,000 permutations; Root samples R 2 = 16%, p value <0.01, 5,000 permutations). Congruently, we identified a set of 14 functions differentially enriched between root 3 6 6
communities exposed to either group of treatments (Welch t-test, p <0.01, FDR corrected; 3 6 7 Figure 6 ). Interestingly, we observed a striking dichotomy between the two groups of 3 6 8 treatments: communities exposed to mineral fertilisers are predicted to enrich for genes 3 6 9 implicated in the ABC transporter machinery while bacteria exposed to the organic 3 7 0
treatments are predicted to enrich for genes implicated in the two-component system. These two set of genes are dominant in communities exposed to both treatments and are 3 7 2 also associated to additional distinct enrichment patterns, most notably including nitrogen 3 7 3 metabolism (organic communities) and tetracycline biosynthesis (mineral communities).
7 4
These results suggest that, within tomato roots, the observed taxonomic diversification This study revealed that all nitrogen treatments led to an increase of tomato production in 3 7 9
comparison with the no fertilization treatment (fold change between 0.8 and 1.73) 3 8 0
confirming that, in the tested conditions, nitrogen limits the yield potential of processing rhizosphere and root microbiota under field conditions. 3 9 0
The tomato rhizosphere and root microbiota are gated communities 3 9 1
First, we characterised the rhizosphere and root microbiota of processing tomato with no 3 9 2 treatment. Both alpha and beta diversity discriminated between the communities of 3 9 3 seedlings and adult plants. Despite these differences, which could be attributed to both developmental stage. This is congruent with the observation that in rice, the assembly and 3 9 8 structural diversification of the microbiota is a rapid process which reaches a steady-state communities are phylogenetically related to those of unplanted soil, suggesting that the 4 0 2 initial tomato microbiota is further modulated by the growing conditions. Walters et al., 2018), suggesting that the experimental approach followed in this study can 4 1 1 be considered representative for field-grown processing tomato.
1 2
However, we noticed a differential selective pressure on the bacteria thriving either in the 4 1 3 rhizosphere or in the root tissue: this latter environment produced more distinct profiles, We further noticed that the "root effect" on the microbiota was exerted also at phylogenetic microbiota which revealed that, albeit averaging 8% of the sequencing reads across 4 2 7 microhabitats, members of this phylum did not significantly discriminate root from 19 rhizosphere specimens (Bergna et al., 2018) . However, it is worth mentioning that these 4 2 9
two studies differed in terms of both soil type and plant genotype used.
Together, our results suggest that both species-and soil-specific traits govern the 4 3 1
assembly of the tomato microbiota in field-grown crops. Next, we investigated the impact of the type of nitrogen fertiliser on the tomato microbiota explain the potential impact of these communities on crop yield: owing to the fact that the 4 4 9
SMRF treatment, which is associated to a significant reduction in yield traits (compared to i.e., the scenario of mineral fertiliser treatments, tends to repress the proliferation and subjected to shot-gun sequencing, will be ultimately necessary to test these hypotheses.
8 5
We further hypothesize that this adaptation is modulated by mineral nitrogen availability, 4 8 6
as manifested by the differential enrichment of functions associated to nitrogen Finally, it is interesting to note how the production of antibiotics, namely tetracyline, is also 4 9 2 among the functions differentially enriched between fertilisers. It is becoming increasingly annotated bacterial collection for the tomato microbiota, similar to the approach pursued Our investigation suggests that the bacterial microbiota of field-grown processing tomato is 4 9 9
the product of a selective process that progressively differentiates between rhizosphere It is important to mention that the nitrogen fertiliser may also represent a microbial communities, it is legitimate to hypothesize that the input digestate bacteria may act as in 5 1 2
inoculum for a part of the tomato microbiota, which is further fine-tuned by the exposure to 5 1 3 soil microbes. Future studies, integrating the microbial profiling of the input fertiliser 5 1 4 treatment, will be required to accurately elucidate microbial dynamics associated with the 5 1 5
application synthetic (i.e., germ-free) and organic fertilisers. Towards a lab-in-the-field approach to harness the potential of plant microbiota for climate- data will allow scientists to identify "signatures" of the plant microbiota that can be targeted to enhance plant performance. This approach, which we define as lab-in-the-field, will be 5 2 6
key towards the rationalisation of nitrogen (and other treatments) application in agriculture 5 2 7
and we anticipate will pave the way for the effective exploitation of the plant microbiota for 5 2 8
agricultural purposes (Schlaeppi and Bulgarelli, 2015; Toju et al., 2018) . analysed the sequencing data. FC, RAT and DB wrote the initial draft of the manuscript.
3 5
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